The generation of polarity and patterning in multicellular organisms depends in part on the asymmetric localization of molecules to specific subdomains within a cell. Localized transcripts for several molecules are known to be required for patterning oocytes and embryos in Drosophila as well as Caenorhabditis elegans. Here, we describe the localization of transcripts encoding the nodal-related morphogen, Squint (sqt), in zebrafish oocytes and early embryos, and the mechanisms by which sqt RNA is localized. sqt transcripts are uniformly distributed in oocytes through all stages of oogenesis. Upon egg activation, sqt RNA is localized to the blastoderm, and excluded from the yolk cell. The mechanism of sqt RNA transport was examined using cytoskeletal inhibitors. Disruption of actin microfilaments by treatment with latrunculin A does not alter the localization of sqt RNA to the blastoderm. However, disruption of the microtubule cytoskeleton by treatment with nocodazole affects sqt RNA localization. These results indicate that sqt transcripts are translocated by an RNA localization pathway which is initiated upon egg activation, and that sqt RNA localization through this pathway is mediated via the microtubule cytoskeleton. q
Results
The zebrafish nodal-related factors, Cyclops and Squint (sqt) , are known to be important for early embryonic patterning (Erter et al., 1998; Feldman et al., 1998; Gritsman et al., 2000; Rebagliati et al., 1998; Sampath et al., 1998) . Of these, Sqt has recently been shown to function as a morphogen in early gastrula stages (Chen and Schier, 2001 ). Northern analyses revealed that sqt transcripts are expressed maternally and zygotically (Rebagliati et al., 1998) . Since several molecules which are known to be involved in patterning and cell type specification are known to be asymmetrically localized in oocytes and early embryos of Drosophila and Caenorhabditis elegans (Micklem, 1995) , we examined the distribution of maternal sqt RNA in zebrafish oocytes and early embryos.
sqt RNA was found to be uniformly expressed in oocytes at all stages of oogenesis (Fig. 1A, B) . However, in situ hybridization to detect sqt RNA in fertilized embryos at the one-cell stage showed that the RNA was restricted to the blastoderm and excluded from the yolk cell (Fig. 1C) . In zebrafish, egg activation and fertilization initiate cytoplasmic streaming towards the animal pole, and is thought to result in the movement of determinants to the blastoderm (Oppenheimer, 1936; Jesuthasan and Strahle, 1997) . To determine how sqt RNA was localized during this process, we examined its distribution in mature oocytes prior to, and after, egg activation. While sqt RNA was distributed uniformly through the oocyte cytoplasm in unactivated mature oocytes (Fig. 1B) , a dynamic redistribution of sqt RNA was detected upon activation with egg water (Fig. 1E-H ). Fig. 1E shows that at ,5 min after egg activation, sqt RNA aggregated in clusters throughout the yolk (arrow in Fig. 1E ), and was also detected in the emerging blastoderm (arrowhead in Fig. 1E ). At 10 min post-activation, sqt RNA was detected in the yolk cell as aggregates, and in the blastoderm (arrowhead in Fig. 1F ). At 20 min post-activation, the aggregates in the yolk were larger (black arrow in Fig.  1G ), presumably by fusion of small aggregates, and were closer to the blastoderm (red arrow in Fig. 1G ). By 30 min after egg activation, sqt RNA was detected exclusively in the blastoderm (Fig. 1H) , and excluded from the yolk cell.
Intracellular movement of molecules can be mediated either by bulk flow of the streaming cytoplasm (Glotzer et al., 1997) , or along the actin and/or microtubule cytoskeleton by motor proteins (Elisha et al., 1995; Alarcon and Elinson, 2001; Riechmann and Ephrussi, 2001) . To test if the actin cytoskeleton was involved in the activation-dependent localization of sqt RNA, mature oocytes were treated with latrunculin A (Lat A) to disrupt assembly of actin filaments (Spector et al., 1983) , and the distribution of sqt RNA was examined. Localization of cyclin B mRNA (Howley and Ho, 2000; Kondo et al., 2001) , which is dependent on the actin cytoskeleton, was used to check the efficacy of disruption of microfilaments by Lat A. While cyclin B RNA did not localize to the blastoderm in Lat A-treated oocytes ( Fig. 2A) , sqt RNA localization to the blastoderm (Fig. 2B) was not altered in oocytes in which actin filaments had been disrupted (Table 1 ; Fig. 2C, D) . These results indicate that the movement of sqt RNA to the blastoderm is not dependent on the actin cytoskeleton.
To determine if the microtubule cytoskeleton is required to localize sqt RNA, mature oocytes were treated with the microtubule depolymerizing drug, nocodazole, and sqt RNA distribution was examined. While some sqt RNA was detected in the blastoderm of nocodazole-treated oocytes (arrowhead in Fig. 3B ), large aggregates which stained positively for sqt RNA remained in the yolk cell (arrow in Fig. 3B ; Table 1 ) of microtubule-disrupted eggs (Fig. 3C, D) even at 30 min post-activation. In contrast, the localization of cyclin B mRNA to the blastoderm, which does not require the microtubule cytoskeleton (Kondo et al., 2001 ), was unaltered (not shown). It is conceivable that the sqt RNA detected in the blastoderm of nocodazole-treated oocytes was translocated by short-range movements near the blastoderm by a microtubule-independent mechanism. However, large aggregates of sqt RNA in the yolk cell failed to be transported in nocodazole-treated oocytes. These results indicate that the long-range movement of sqt RNA from the yolk cell to the blastoderm is dependent on microtubules. 
Materials and methods

Zebrafish maintenance and oocyte isolation
Zebrafish were maintained as described in Westerfield (1995) . Full grown mature oocytes were isolated from adult female fish by squeezing, and staged as per Selman et al. (1993) . Mature oocytes were activated in egg water to induce cytoplasmic streaming.
Treatment with cytoskeleton inhibitors
Stock solutions of nocodazole (Sigma) at 5 mg/ml, and Lat A (Molecular Probes) at 10 mM were prepared in dimethyl sulfoxide (DMSO). The inhibitors were diluted in the egg water to obtain final concentrations of 5 or 25 mg/ml of nocodazole (Jesuthasan and Strahle, 1997) , and 5 or 25 mM of Lat A, respectively. DMSO was used as a control for both treatments. Oocytes were incubated in the solutions for 30 min. In parallel, freshly fertilized embryos were treated similarly and monitored for inhibition of cytokinesis to check the efficacy of the treatments.
In situ hybridization and immunolabelling of the cytoskeleton
In situ hybridization on sections was carried out as described in Howley and Ho (2000) . Oocytes were embedded in paraffin, and 12 mm sections were obtained on a Leica microtome. Digoxigenin-labelled sense and antisense probes were synthesized for Znr-2/sqt and cyclin B as described (Erter et al., 1998; Kondo et al., 2001) . BM purple precipitating substrate was used for detection of the alkaline phosphatase antibody conjugate. Microtubules and microfilaments were detected in whole oocytes as described in Jesuthasan and Strahle (1997) and Leung et al. (2000) , respectively. Microtubules were detected by incubation with mouse anti-alpha tubulin monoclonal antibodies (Sigma), followed by goat anti-mouse secondary antibodies conjugated with alexa 488 (Molecular Probes). For detection of actin filaments, fixed oocytes were incubated with rhodamine phalloidin (Molecular Probes). Optical sections were obtained at 0.5 m intervals on a Biorad confocal microscope using a 63 £ water objective, and the images were processed using Confocal Assistant. 
